Background-The effect of successful catheter ablation on left ventricular (LV) strain in patients with preserved LV systolic function is unknown. The aim of the present study was to assess the long-term effects of catheter ablation for atrial fibrillation (AF) on LV strain and strain rate in patients with preserved LV ejection fraction. Methods and Results-In 78 patients undergoing catheter ablation for AF, speckle tracking strain imaging was performed to assess LV strain in 3 directions (radial, circumferential, and longitudinal) at baseline and after 12-month follow-up. The study population was divided into 2 groups, according to the maintenance of sinus rhythm (SR) during follow-up. After 13.8Ϯ4.7 months of follow-up, 54 patients (69%) were in SR (SR group), whereas 24 patients (31%) had recurrence of AF (AF group). No significant changes in LV ejection fraction from baseline to follow-up were noted (60Ϯ7% versus 59Ϯ7%, PϭNS). Circumferential strain improved significantly in the SR group (Ϫ18.3Ϯ3.2% versus Ϫ20.4Ϯ3.8%, PϽ0.001), whereas it remained unchanged in the AF group (Ϫ18.9Ϯ3.5% versus Ϫ17.9Ϯ3.1%, PϭNS). In the SR group, significant improvements in LV longitudinal strain and strain rate were noted, whereas in the AF group, LV longitudinal strain and strain rate deteriorated significantly at long-term follow-up. Conclusions-After successful catheter ablation, LV circumferential and longitudinal strain and strain rate improve significantly in patients who maintain SR. In contrast, a decrease in LV longitudinal strain and strain rate is observed in patients with recurrence of AF. (Circ Arrhythmia Electrophysiol. 2009;2:249-257.)
R adiofrequency catheter ablation procedures are considered a reasonable option in the treatment of patients with highly symptomatic, drug-refractory atrial fibrillation (AF). It has been demonstrated that these procedures can effectively restore sinus rhythm and provide long-term relief of symptoms. 1 Furthermore, reverse remodeling and functional improvement of the left atrium (LA) has been reported after successful catheter ablation for AF. 2, 3 
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In addition, the restoration of sinus rhythm may result in an improvement in left ventricular (LV) systolic function. It has been demonstrated that LV ejection fraction improves after successful catheter ablation in patients with systolic heart failure. 4 -6 In patients with preserved systolic function, however, studies have failed to demonstrate a change in LV ejection fraction after catheter ablation. 7 It is likely however, that LV ejection fraction does not reflect subtle changes in systolic LV function, and therefore the effect of catheter ablation on LV systolic function cannot be detected by measuring LV ejection fraction. Recently, 2D speckle tracking strain imaging has been introduced. 8, 9 This novel technique may detect more subtle abnormalities in LV systolic function, as compared with conventional parameters such as LV ejection fraction. 10 In addition, it allows angleindependent evaluation of LV systolic strain in 3 directions: radial, circumferential, and longitudinal. 11 Accordingly, the purpose of the present study was to assess the long-term effects of catheter ablation for AF on LV function and deformation properties. Two-dimensional speckle tracking strain imaging was used to study LV strain and strain rate in patients with maintenance of sinus rhythm and patients with recurrence of AF after radiofrequency catheter ablation.
Methods

Study Population and Study Protocol
The study population comprised selected patients with symptomatic drug-refractory AF who were referred for radiofrequency catheter ablation. Before the ablation procedure and after 12-month followup, an extensive echocardiographic evaluation was performed. To minimize the confounding effect of variations in heart rhythm on LV deformation properties, only patients with an available echocardiogram during sinus rhythm at baseline and at follow-up were studied. In addition, patients with moderate or severe valvular disease or patients with a history of heart failure or coronary artery bypass graft were excluded from the study. Of 98 patients who underwent radiofrequency catheter ablation, 20 patients were excluded because of the presence of AF during the baseline or follow-up echocardiogram. The remaining 78 patients formed the study population of the present study.
To study the effect of successful catheter ablation on LV function and deformation properties, the study population was divided into 2 groups, according to the maintenance of sinus rhythm during the 12-month follow-up. In addition, LV function and deformation properties were assessed in a group of 20 healthy control subjects matched for age, sex, and body surface area who were selected from an echocardiographic database.
Radiofrequency Catheter Ablation
The catheter ablation procedure was aimed at electrical isolation of all pulmonary veins from the LA and has been described in more detail elsewhere. 12 In brief, endocardial mapping and ablation was performed with a 4-mm quadripolar mapping/ablation catheter (7F Thermocool, Biosense Webster, Diamond Bar, Calif), using an electroanatomic mapping system (CARTO, Biosense Webster). A 6F diagnostic catheter placed in the right atrium served as a temporal reference. Radiofrequency current was applied outside the ostia of all pulmonary veins, using the ablation catheter with a 4-mm open-loop irrigated tip (maximum flow 20 mL/min; maximum temperature, 50°C
; maximum radiofrequency energy, 30 W). At each ablation point, radiofrequency current was applied until a voltage Ͻ0.1 mV was achieved, with a maximum of 60 seconds per point. Pulmonary vein isolation was confirmed by recording entrance block during sinus rhythm or pacing in the coronary sinus. 1 All patients received heparin intravenously (activated clotting time, 300 to 400 seconds) to avoid thromboembolic complications.
Follow-Up
After the catheter ablation procedure, patients were evaluated at the outpatient clinic on a regular basis. All medication, including antiarrhythmic drugs, was continued in all patients during the first 3 months after the ablation procedure. Thereafter, antiarrhythmic drugs were discontinued at the discretion of the physician. A surface ECG was acquired at every follow-up visit and 24 hours Holter monitoring was performed at 3-to 6-month intervals. A successful catheter ablation was defined as the absence of symptomatic recurrences lasting more than 3 minutes and/or the absence of AF episodes lasting more than 30 seconds detected with 24-hour Holter monitoring or surface ECG, after a blanking period of 1 month. 1 Subsequently, the study population was divided into 2 groups according to the absence or presence of AF during follow-up. The SR group comprised patients with maintenance of sinus rhythm during follow-up, whereas patients in the AF group had recurrence of AF during follow-up. Clinical and echocardiographic variables at baseline and at 12-month follow-up were compared between the 2 groups.
Echocardiography
Two-dimensional echocardiography was performed within 2 days before the ablation procedure and after 12-month follow-up. Images were recorded with patients in the left lateral decubitus position using a commercially available system (Vivid 7, General Electric Vingmed, Milwaukee, Wis).
Image acquisition was performed using a 3.5-MHz transducer at a depth of 16 cm in the standard parasternal and apical views (standard long-axis and 2-and 4-chamber images). Standard M-mode and 2D images including color Doppler data from 3 consecutive heart beats were saved in cine loop format. All analyses were performed off-line using commercial software (Echopac 6.1, General Electric Vingmed).
The anteroposterior diameter of the LA was measured at endsystole on the M-mode image obtained from the parasternal longaxis view. 13 Left atrial volume was calculated using the biplane area-length method. 13 In addition, LV end-diastolic and end-systolic diameters were acquired from the parasternal long-axis view. 13 Left ventricular end-diastolic and end-systolic volumes were assessed from the apical 2-and 4-chamber images, and LV ejection fraction was calculated using the biplane Simpson rule. 14 Finally, LV diastolic function was assessed using the mitral inflow pattern from the pulsed-wave Doppler images 15 and tissue Doppler imaging. The ratio of early (E) to late (A) diastolic filling velocities (E/A), deceleration time of the E wave, the septal early diastolic mitral annular motion velocity (EЈ), and the E/EЈ ratio were assessed. Subsequently, LV diastolic function was classified as being normal, abnormal relaxation (mild diastolic dysfunction, grade 1), pseudonormal filling (moderate diastolic dysfunction, grade 2) or restrictive filling pattern (severe diastolic dysfunction, grade 3). 16, 17 
Left Ventricular Strain Analysis
On standard gray-scale images (frame rate, 75Ϯ11 frames/s), 2D speckle tracking strain imaging was used to study LV deformation. Novel speckle-tracking software was used, as previously described. 8, 9, 18 Briefly, this technique permits angle-independent measurement of myocardial strain in 3 different directions (radial, circumferential, and longitudinal). It tracks the characteristic pattern of natural acoustic markers present in the myocardial wall ("speckles") from frame to frame throughout the cardiac cycle. Myocardial strain is then calculated by the change in position of the speckle pattern with respect to the initial position. 8, 9 Three distinct patterns of LV deformation were assessed: (1) radial strain, representing myocardial thickening/thinning in the short-axis plane; (2) circumferential strain, representing myocardial shortening/ lengthening in the short-axis plane; and (3) longitudinal strain, representing myocardial shortening/lengthening in the long-axis plane. Peak systolic radial and circumferential strain/strain rate were calculated by averaging the peak systolic values of the 6 segments from the LV mid ventricular short-axis view. Peak systolic longitudinal strain/strain rate was calculated by averaging the peak systolic values of the 18 segments, derived from the 6 segments of the 3 apical views (2-chamber, 4-chamber, and apical long-axis views) ( Figure 1 ). For myocardial strain, regional thickening or lengthening is expressed as a positive value and thinning or shortening as a negative value. 19 Finally, strain rate (expressed in 1/s) was calculated in all 3 directions, representing the speed at which myocardial deformation occurs. 19 
Statistical Analysis
All continuous variables had normal distribution (as evaluated by Kolmogorov-Smirnov tests). Summary statistics for these variables are therefore presented as meanϮSD. Categorical data are summarized as frequencies and percentages. Differences in clinical and echocardiographic variables between the SR group and the AF group were evaluated using unpaired Student t tests (continuous variables), 2 tests or Fisher exact tests (dichotomous variables), as appropriate. Changes in echocardiographic variables from baseline to follow-up were evaluated using paired Student t tests.
Intraobserver and interobserver reproducibility of strain and strain rate measurements by 2D speckle tracking strain analysis was determined by linear regression (Pearson correlation coefficient) and Bland-Altman analysis. Intraobserver reproducibility was determined by repeating the strain and strain rate measurements at 2 different time points by 1 experienced reader in 20 randomly selected patients. A second experienced reader performed the strain analysis in the same 20 patients, providing the interobserver reproducibility data.
Multivariate logistic regression analysis based on enter model was performed for the prediction of the maintenance of sinus rhythm at follow-up. The dependent variable was the maintenance of sinus rhythm. As independent variables, the number of antiarrhythmic drugs, LA remodeling (represented by the change in LA volume), change in mean arterial pressure and LV mass index, change in longitudinal strain, and change in circumferential strain after catheter ablation were entered in the model. Model discrimination was assessed using c-statistic.
All analyses were performed using SPSS software (version 12.0, SPSS Inc, Chicago, Ill). All statistical tests were 2-sided, and a probability value Ͻ0.05 was considered significant.
The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
Study Population
The baseline characteristics of the study population are summarized in Table 1 . The majority of the patients had paroxysmal AF (67 patients, 86%); in 11 patients (14%), persistent AF was present. Mean time from the first documented AF episode to the radiofrequency catheter ablation procedure was 5.9Ϯ3.9 years. A mean of 3.4Ϯ1.4 different antiarrhythmic drugs per patient had been used previously.
After a mean of 13.8Ϯ4.7 months of follow-up, 54 patients (69%) were in sinus rhythm (SR group), whereas 24 patients (31%) had recurrence of AF (AF group). The study population was subsequently divided into 2 groups, according to the success of the catheter ablation procedure. No significant differences in baseline characteristics were noted between the 2 groups ( Table 1 ).
In the total study population, no significant differences in heart rate between the baseline and follow-up echocardiogram were noted (baseline, 62Ϯ11 bpm versus follow-up, 63Ϯ20 bpm; PϭNS). In addition, no differences between the 2 groups at the follow-up echocardiogram were noted (SR group, 64Ϯ9 bpm versus AF group, 62Ϯ10 bpm; PϭNS). In the overall study population, no differences in mean systolic (from 133Ϯ16 mm Hg to 131Ϯ16 mm Hg, PϭNS) or diastolic (from 81Ϯ12 mm Hg to 80Ϯ9 mm Hg, PϭNS) blood pressure was noted during follow-up.
In addition, there were no differences between the SR group and the AF group with regard to the use of antiarrhythmic drugs at baseline (Table 1) . At follow-up, 27 patients (35%) used ␤-blockers (including Sotalol), 1 patient (1%) used a calcium channel blocker, 17 patients (22%) used a class IC antiarrhythmic drug, and 6 patients (8%) used amiodarone. At follow-up, there were no significant differences in the use of antiarrhythmic drugs between the SR group and the AF group, except for the use of ␤-blockers (SR group, nϭ12 [35%] versus AF group, nϭ15 [63%], PϽ0.01). By definition of the study protocol, all patients were in sinus rhythm during both echocardiographic evaluations.
Echocardiographic Changes During Follow-Up
In the overall study population, a decrease in LA diameter and LA volume was noted from baseline to follow-up (Table 2) . Interestingly, this decrease in LA diameter was more pronounced in the SR group (baseline, 43Ϯ5 mm versus follow-up, 40Ϯ5 mm; PϽ0.01), as compared with the AF group (baseline, 45Ϯ5 mm versus follow-up, 45Ϯ5 mm; PϭNS). Similarly, LA volumes decreased significantly in the SR group from baseline to follow-up (from 58Ϯ18 mL to 51Ϯ14 mL, PϽ0.01), whereas no changes in LA volumes were noted in the AF group (from 65Ϯ17 mL to 64Ϯ21 mL, PϭNS).
In addition, an improvement in diastolic function was observed in the overall study population ( Table 2 ). At baseline, 48 patients (62%) had normal diastolic function, whereas 21 patients (27%) had mild diastolic dysfunction and 9 patients (11%) had moderate diastolic dysfunction. At long-term follow-up, 16 patients improved in diastolic function: 59 patients (76%) had normal diastolic function, 12 
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patients (15%) had mild, and 7 patients (9%) had moderate diastolic dysfunction. Finally, LV dimensions, volumes, and ejection fraction were similar at baseline and at follow-up in the overall study population ( Table 2 ). Both in the SR group and in the AF group, no significant changes were noted in LV volumes and LV ejection fraction from baseline to follow-up (Table 3) .
Left Ventricular Strain and Strain Rate
Linear regression analysis demonstrated good intraobserver and interobserver agreement for the radial, circumferential and longitudinal strain and strain rate measurements (supplemental Table 1 ). In addition, Bland-Altman analysis showed a small bias for all strain and strain rate measurements performed by the same observer (intraobserver variability) and the 2 different observers (interobserver variability) (supplemental Table 1 ).
Strain and strain rate values for the overall study population at baseline were compared with a group of 20 healthy control subjects (mean LV ejection fraction, 60Ϯ7%). Radial strain and radial strain rate were not significantly different between the overall study population and the healthy control subjects (40.1Ϯ15.6% versus 40.8Ϯ11.7%, PϭNS; and 1.8Ϯ0.6 1/s versus 1.9Ϯ0.6 1/s, PϭNS, respectively). In contrast, both circumferential strain and circumferential strain rate were significantly reduced in the study population, as compared with the control subjects (Ϫ18.4Ϯ3.1% versus Ϫ20.1Ϯ3.3%, PϽ0.05; and Ϫ1.1Ϯ0.2 1/s versus Ϫ1.3Ϯ0.3 1/s, PϽ0.05). Similarly, both longitudinal strain and longitudinal strain rate were significantly lower in the overall study population, as compared with the healthy control subjects (Ϫ18.9Ϯ2.4% versus Ϫ20.4Ϯ2.1%, PϽ0.05; and Ϫ0.9Ϯ0.1 1/s versus Ϫ1.1Ϯ0.2 1/s, PϽ0.01).
In the overall study population, radial strain did not change significantly from baseline to follow-up (from 40.6Ϯ15.1% to 37.5Ϯ15.1%, PϭNS). In addition, radial strain rate was similar at baseline and follow-up (1.8Ϯ0.6 1/s and 1.8Ϯ0.6 1/s, respectively; PϭNS). Within the 2 groups, no differences were noted for radial strain and radial strain rate at baseline and at long-term follow-up (Table 3) . Radial strain at longterm follow-up was comparable in the SR group and the AF group (Figure 2) . In contrast, circumferential strain improved significantly from baseline to follow-up in the total study population (from Ϫ18.6Ϯ3.2% to Ϫ19.7Ϯ3.6%, PϽ0.01). Similarly, circumferential strain rate improved significantly from baseline to follow-up (from Ϫ1.1Ϯ0.2 1/s to Ϫ1.2Ϯ0.3 1/s, PϽ0.05). Baseline values for circumferential strain and strain rate were comparable for the SR group and the AF group (Table 3) . Importantly, circumferential strain and strain rate improved only in the SR group from baseline to follow-up, whereas no significant changes were noted in the AF group (Table 3) . As a result, circumferential strain at long-term follow-up was significantly higher in the SR group, as compared with the AF group (Figure 2 ).
Longitudinal strain was not significantly different at baseline and follow-up in the total study population (Ϫ18.9Ϯ2.4% and Ϫ19.1Ϯ2.5%, respectively, PϭNS). In addition, longitudinal strain rate was similar at baseline Ϫ1.0Ϯ0.1 1/s) and follow-up (Ϫ1. 0Ϯ0.1 1/s, PϭNS) . However, the changes in longitudinal After long-term follow-up, radial strain (upper panel) was comparable in the SR group (37.2Ϯ15.2%) and the AF group (38.3Ϯ15.3%). However, circumferential strain (middle panel) and longitudinal strain (lower panel) were significantly lower in the AF group (Ϫ17.9Ϯ3.1% and Ϫ17.9Ϯ1.8%, respectively), as compared with the SR group (Ϫ20.4Ϯ3.8% and Ϫ19.6Ϯ2.6%, respectively). *PϽ0.05. NS indicates not significant; GCS, global circumferential strain; GCSr, global circumferential strain rate; GLS, global longitudinal strain; GLSr, global longitudinal strain rate; GRS, global radial strain; GRSr, global radial strain rate. *PϽ0.05 versus baseline; †PϽ0.01 versus baseline; ‡PϽ0.001 versus baseline.
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strain and strain rate from baseline to follow-up were different in the 2 groups: Whereas longitudinal strain improved significantly in the SR group, it deteriorated significantly in the AF group (Table 3) . At long-term follow-up, longitudinal strain was significantly different between the 2 groups (Figure 2) . Similarly, longitudinal strain rate improved significantly in the SR group, whereas it deteriorated in the AF group (Table 3 ). An example of a patient from the SR group demonstrating improvements in LV circumferential and longitudinal strain is shown in Figure 3 .
A multivariate logistic regression analysis was performed to study the predictors of the maintenance of sinus rhythm 3%, B) . In contrast, a significant improvement in global circumferential strain (baseline, Ϫ19.4%, C; follow-up, Ϫ26.5%, D) and global longitudinal strain (baseline Ϫ17.3%, E; follow-up Ϫ22.5%, F) was observed.
after catheter ablation. The results of the multivariate logistic regression analysis are shown in supplemental Table 2 . Interestingly, the change in longitudinal strain and circumferential strain at follow-up were the only independent predictors for maintenance of sinus rhythm: Change in circumferential strain: odds ratio, 0.537, 95% CI, 0.339 to 0.849, Pϭ0.008; change in longitudinal strain: odds ratio, 0.338, 95% CI, 0.155 to 0.737, Pϭ0.006.
Discussion
In the present study, 78 patients with preserved LV systolic function, undergoing radiofrequency catheter ablation for AF, were studied. At long-term follow-up, a significant improvement in circumferential and longitudinal strain and strain rate was observed. Importantly, these improvements were only present in patients who maintained sinus rhythm during follow-up, whereas patients who had recurrence of AF did not exhibit improvements in circumferential and longitudinal strain.
Left Ventricular Function After Catheter Ablation
Significant improvements in LV strain were observed after successful catheter ablation in the current study in patients with preserved LV systolic function. The beneficial effect of catheter ablation on LV function has been demonstrated previously in patients with impaired LV systolic function. 4 -6 Interestingly, in patients with preserved LV systolic function, the favorable effects of catheter ablation on LV function are less clear. In 52 patients with an LV ejection fraction Ͼ50% undergoing catheter ablation, Lutomsky et al 7 noted that LV ejection fraction remained unchanged after 6-month followup. It was concluded that successful catheter ablation may be less beneficial in patients with normal LV ejection fraction. 7 However, it may well be that the positive effects of the restoration of sinus rhythm on LV systolic function are present but cannot be detected by conventional parameters such as LV ejection fraction. The evaluation of LV strain may detect more subtle abnormalities in LV systolic function, 20 which can improve after AF ablation. Indeed, preliminary data in 25 patients with normal LV ejection fraction suggest that LV deformation may improve after catheter ablation for AF. 21 In the present study, 2D speckle tracking strain imaging was used to assess LV function after catheter ablation for AF in 78 patients. Similar to previous data, 7 mean LV ejection fraction did not improve after long-term follow-up. However, significant changes in LV circumferential and longitudinal strain and strain rate were noted, in particular in the patients who maintained sinus rhythm during follow-up.
The improvement in LV function (according to strain and strain rate) after successful catheter ablation can be attributed to the normalization of the heart rate or to the restoration of sinus rhythm and subsequent more efficient LV filling. However, at present it remains unclear what mechanism contributes most. 1, 22 In the current study, the mean heart rate did not change significantly from baseline to follow-up. Per study protocol, both echocardiograms were acquired during sinus rhythm, and therefore the differences in LV strain cannot be attributed to changes in heart rhythm during image acquisition. Furthermore, significant changes in circumferential and longitudinal strain and strain rate were only noted in the patients who maintained sinus rhythm during follow-up. Therefore, the current results suggest that the improvement in LV function after catheter ablation may be more related to restoration and long-term maintenance of sinus rhythm than to normalization of heart rate.
At the same time, it may also be that an improvement in LV function ultimately results in favorable reverse remodeling of the left atrium and subsequently in a reduced risk of recurrent AF. 23 Interestingly, in the present study, improvements in circumferential and longitudinal strain were the only predictors for maintenance of sinus rhythm during follow-up (supplemental Table 2 ). Although the restoration of sinus rhythm and the improvement in LV function after catheter ablation are clearly related, it remains unclear which factor is the exact cause and which is the consequence.
Left Ventricular Strain
In the present study, 3 distinct patterns of LV deformation were studied: radial, circumferential, and longitudinal strain. Interestingly, different responses during long-term follow-up were noted among the various strain patterns. Previously, several studies have demonstrated the effects of different clinical settings on these strain patterns. 24 -27 In an animal model of myocardial ischemia, it was noted that circumferential and longitudinal strain, as assessed with speckle tracking echocardiography, were most sensitive to reduced coronary flow. 24 In addition, in 53 patients with diabetes, Fang et al 25 demonstrated a significant impairment of longitudinal strain as compared with control subjects, whereas radial strain was compensatory increased. Finally, in patients with hypertrophic cardiomyopathy but normal LV systolic function, marked reductions in longitudinal strain have been demonstrated. 26, 27 From anatomic studies, it is known that there is a difference in orientation of the endocardial and epicardial myocardial fibers. It has been suggested that the LV myocardial architecture is a transmural continuum of 2 helical fiber geometries, with a right-handed helical geometry in the subendocardial region gradually changing into a left-handed geometry in the subepicardial region. 28 The discrepancy among the various strain patterns as found in the abovementioned studies may be explained by the fact that the longitudinal fibers located in the subendocardium, mediating the long-axis deformation, may be more susceptible to pathological changes. 29 In the present study, baseline values for LV strain were comparable in the SR group and the AF group and modestly reduced as compared with previously reported values for healthy control subjects. 25, 26 Interestingly, circumferential and longitudinal strain improved significantly in patients who maintained sinus rhythm after catheter ablation. In contrast, in patients with recurrence of AF, circumferential strain remained unchanged and longitudinal strain deteriorated. No significant changes in radial strain were noted in either group. It may be that, similar to detrimental effects of various pathological changes, the longitudinal fibers may be more prone to the beneficial effect of restoration of normal sinus rhythm and subsequent more efficient LV filling and contraction.
Limitations
Some limitations of the present study must be addressed. First, the study population was divided into 2 groups, based on recurrence of symptomatic AF episodes and/or detection of AF with surface ECG and 24-hour Holter monitoring on a regular basis. Asymptomatic AF recurrence during follow-up may therefore have been missed. Second, no data on the exact AF burden before the ablation procedure and during follow-up are available in the present study. Although potential asymptomatic AF recurrences may affect the results, and exact AF burden assessment may provide more information on the relation between improvement in LV function and AF recurrence, the definition of AF recurrence in the present study is according to the recommendations from the Heart Rhythm Society Expert Consensus Statement. 1 In addition, only a small number of patients with persistent AF were included in the study. Therefore, no comparisons between patients with paroxysmal and persistent AF could be performed. However, to minimize the confounding effect of variations in heart rhythm on LV deformation properties, only patients with an available echocardiogram during sinus rhythm at baseline and at follow-up were included in the present study. A larger population in future studies may allow comparison between paroxysmal and persistent AF patients.
Finally, in the present study, LV dyssynchrony was not routinely assessed. Future studies may investigate if LV dyssynchrony is present in patients undergoing catheter ablation, and if the improvement in LV function as demonstrated in the present study is associated with an improvement in LV dyssynchrony.
Conclusions
In patients with preserved LV systolic function undergoing catheter ablation for AF, improvements in LV strain were noted, without significant changes in LV ejection fraction. Longitudinal and circumferential strain and strain rate improved in patients who maintained sinus rhythm during follow-up. In contrast, patients who had recurrence of AF exhibited no improvements in circumferential or longitudinal strain.
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